Surgical techniques for the repair of these complex detachments have included scleral buckling,"7 liquid silicone,""' and vitrectomy in combination with a variety of techniques. These include membrane dissection and intraocular gas tamponade," intraocular liquid silicone tamponade,'1-4 and endolaser photocoagulation.'5 The evaluation and interpretation of surgical results with these different surgical techniques has been hampered by the lack of a uniform description of the type and complexity of the retinal detachments as well as the different surgical techniques that have been used. We report the surgical results and complications of a non-randomised, sequential series of 19 eyes with proliferative vitreoretinopathy treated by vitreous surgery techniques combined with extended intraocular sulphur hexafluoride gas tamponade or liquid silicone tamponade.
Materials and methods
We reviewed the records of 19 consecutive patients (19 follow-up of seven months and a maximum follow-up of 20 months (average 11 months). There were 16 males and three females, with a mean age of 44 years. There were nine right eyes and 10 left eyes. Four of the patients were completely blind in the fellow eye. Thirteen (68%) of the eyes were aphakic, five (26%) of the eyes were phakic, and one (5%) was pseudophakic. Eighteen (95%) of the eyes had undergone previous scleral buckling and 12 (65%) of the eyes had undergone previous vitrectomy surgery.
Penetrating trauma was the cause of retinal detachment in three (16%) of the eyes.
Eyes were graded preoperatively according to the Subretinal fibrosis in four patients causing retinal elevation through the macula was treated by retinotomy followed by sectioning of the subretinal band. In two of these four patients with extensive subretinal fibrosis, peripheral relaxing or posterior relaxing retinotomies were performed.
Subretinal fluid was drained internally in 16 of the 19 eyes through a pre-existing break or intentional retinotomy on the superonasal side of the optic nerve. In three eyes with focal areas of retinal contraction, all of which had undergone previous vitrectomy surgery, a preoperative fluid-gas exchange was performed to achieve absorption of the subretinal fluid.
Of those cases tamponaded with silicone a siliconeair exchange was performed in eight and a siliconefluid exchange was performed in the remaining five. Dow-Corning medical grade 1000 centistoke liquid silicone was injected with an automated pneumatic pump either through the pars plana infusion terminal or through a 20-gauge needle placed through the peripheral cornea while either the intraocular air or fluid was simultaneously aspirated.
In those cases receiving sulphur hexafluoride gas the air filled eye was perfused with 30 ml of a 20% sulphur hexafluoride-air mixture through the infusion canula at the completion of the vitrectomy, with air exiting passively through an open sclerotomy.
Revision of the pre-existing scleral buckle was done in seven eyes. No revision was required in 11 eyes and a primary scleral buckle was performed in one eye. A broad high scleral buckle was obtained with a No. 279 solid grooved silicone implant or a 7.5 mm silicone sponge anchored to the sclera with two mattress sutures in each quadrant. Retinal breaks were treated either with argon laser endophotocoagulation or transscleral cryotherapy. Intraoperative endophotocoagulation of the retina overlying the scleral buckle, regardless of the identification of a retinal break, was performed 360°in two eyes. Supplemental postoperative argon blue-green laser photocoagulation of the retina overlying the scleral buckle was performed in 11 eyes. A scatter photocoagulation pattern over the inferior retina was used in three patients with silicone tamponade.
Postoperative fluid-gas exchange with 20% to 60% sulphur hexafluoride gas (depending on the volume to be exchanged) was performed in all six gas filled eyes. In addition the retina in three silicone filled eyes redetached, and these eyes were treated by removal of silicone oil and replacement with sulphur hexafluoride gas tamponade. These eyes also required postoperative fluid-gas exchanges. The gas tamponade was maintained at 50% or greater of the intraocular volume for 14 to 21 days.
Silicone oil was removed from two eyes with reattached retinas and replaced with balanced salt solution. Silicone oil was not removed in the remaining five patients with reattached retinas owing to the patient's refusal to undergo further surgery as well as the anxiety of both patient and physician about a recurrent retinal detachment.
Retinal reattachment was defined as reattachment of the retina posterior to the scleral buckle.
Results
Thirteen (68%) of the 19 eyes were successfully reattached, with a seven to 20-month follow-up period (average 11 months). Of these 13 eyes six (46%) were successfully reattached with a single operation and seven (54%) were successfully reattached with two or more operations ( Table 1) .
The PVR anatomic classification versus the retinal reattachment rate is summarised in Table 2 .
Visual acuity results are summarised in Table 3 . Silicone oil was removed three months postoperatively from one eye with a reattached retina. This eye developed a recurrent retinal detachment that was not reoperated on. An additional eye underwent silicone oil removal six months after surgery, with the retina remaining attached.
INTRAOPERATIVE COMPLICATIONS
An unplanned retinal break occurred during membrane dissection in five (26%) of 19 eyes.
In one eye extensive napkin ring subretinal fibrosis prevented retinal reattachment. Subretinal migration of silicone oil occurred in this patient owing to inadequate relief of retinal traction. Table 4 . Recurrent proliferative vitreoretinopathy occurred in 12 (71%) of 17 eyes successfully reattached at the time of surgery (Table 5) .
Recurrent retinal detachment posterior to the scleral buckle occurred 11 times in 10 eyes (Table 4) . No retinal breaks were identified in six (60%) eyes. Old retinal breaks that had reopened were identified in three (30%) eyes. New retinal breaks were identified in two (20%) eyes. Within the group of 11 eyes in which the retina redetached recurrent proliferative vitreoretinopathy was noted in eight (73%).
In six eyes treated initially with silicone the retina redetached, and all underwent reoperation with addition of silicone or replacement of silicone with gas. Five of these six eyes continued to remain attached.
Of the four eyes that were treated with gas tamponade initially in which the retina redetached, two were reoperated on. Anterior loop contraction was present in both eyes. No breaks were identified in either eye. A fluid-gas exchange resulted in retinal reattachment in both cases and was followed by extensive laser photocoagulation of the retina 3600 One of the most important surgical steps was the ability to assess relief of retinal traction intraoperatively. In 16 eyes intraoperative pneumatic retinal reattachment, by draining subretinal fluid through a pre-existing break or through an iatrogenic retinotomy while infusing air with an automated pump, allowed this crucial determination. In three eyes with previous vitrectomy surgery, preoperative fluid-gas exchange indicated the location and extent of the additional membrane dissection that was required to achieve adequate retinal reattachment. If we consider only those eyes in which we could achieve adequate retinal reattachment intraoperatively, we achieved long term anatomical success in 13 (76%) of Techniques for fluid-gas exchange at the time of vitrectomy or prior to vitrectomy have also undergone modification. Charles2" described hydraulic retinal reattachment for proliferative vitreo enlargement of retinal breaks are complications of this procedure, they are readily treated. In no case in this series did we infuse silicone into the subretinal space after successful pneumatic retinal reattachment. We were therefore able to avoid a major complication associated with silicone injection."' The role of a broad scleral buckle in the treatment of PVR has been emphasised recently. 226 We found a broad buckle helpful in treating residual anterior loop contraction following vitrectomy and membrane dissection. A broad buckle was also helpful for recurrent detachment where it was possible to isolate anterior loop contraction and residual retinal detachment, with barrier photocoagulation on the scleral buckle after fluid-gas exchange.
The role of intraoperative laser endophotocoagulation in the treatment of retinal detachment and proliferative vitreoretinopathy has been emphasised.'5 This form of treatment was extremely helpful in those cases where the scleral buckle was not revised as well as for large retinotomies and posterior retinal breaks, both in the air filled and silicone filled eye. Intraoperative or postoperative photocoagulation of the retina overlying the scleral buckle 3600 appears to be justified in view of the success we had in treating recurrent retinal detachments due to anterior loop contraction in silicone filled eyes and gas filled eyes.
The corneal complications noted in our aphakic patients treated with silicone have been described by other authors"' and are presumably due to blocking aqueous nutrition of the corneal endothelium. 27 Evaluation of retinal toxicity from silicone requires further detailed studies. In this study the best vision (20/100) resulted in a patient with intraocular silicone maintained for a six-month period. Recent electroretinographic (ERG) studies in patients with giant retinal tears treated with intraocular silicone versus sulphur hexafluoride gas appear to demonstrate the lack of short term retinal toxicity from silicone. 28 We have not noted unexplained visual deterioration in five patients with intraocular silicone ranging from seven months to 17 months, average 13 months.
If useful vision is defined as 5/200 vision or greater visual acuity, only four eyes out of 13 eyes that remain reattached achieved this level of acuity. In certain cases the macular distortion caused by epiretinal and subretinal membranes was an obvious, though not exclusive, source of the decreased vision. In other cases the macula appeared normal and we suspect a variety of other factors, such a poor photoreceptor regeneration following recurrent retinal detachments, as the source of the poor vision. ' It is difficult to compare the anatomical reattachment rates in those eyes treated with silicone versus those eyes treated with gas for several reasons. First, silicone oil was removed electively in only two of 13 patients. A more valid comparison would require removal of silicone oil in all eyes to approximate the gradual loss of intraocular tamponade by reabsorption of intraocular gas. Secondly, we switched to a gas tamponade in three eyes in which the retina became detached under silicone oil. Lastly, silicone oil was used in two eyes in which intraoperative pneumatic retinal reattachment was unsuccessful, whereas sulphur hexafluoride was used only after successful pneumatic retinal reattachment. Gonvers'4 reported a 62% anatomical success rate persisting after removal of silicone oil in eyes with PVR treated with vitrectomy and silicone oil. However, he did not reoperate on any eyes with recurrent retinal detachment under the silicone tamponade, a procedure which might have increased his anatomical success rate. Zivojnovic et al.'3 reported a 57% long term (two to four years) anatomical success rate using liquid silicone in combination with vitrectomy. Silicone was removed in 10% of cases and reoperation was performed with reinjection of silicone in 31% of cases. Removal of silicone resulted in redetachment in one-third of the cases.
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successfully treated with extended gas tamponade. Chang and coauthors have recently reported a 56% anatomical success rate for PVR using perfluoropropane to provide an extended gas tamponade following vitreous surgery." An advantage of perfluoropropane over sulphur hexafluoride is the reduced number of postoperative gas-fluid exchanges necessary to maintain an effective tamponade. In the present study it was necessary to perform an average of three fluid gas exchanges in the postoperative period to maintain a gas bubble of 50% or greater of the intraocular volume for a three-week period. We injected additional aliquots of sulphur hexafluoride postoperatively that ranged from 20% to 60% without significant increases of intraocular pressure. We did not, however, perform total fluid gas exchanges, since the patients were seated at the slit-lamp and inferior intraocular fluid was never totally drained. This allowed room for expansion of the gas bubble when the concentration of sulphur hexafluoride exceeded 20%.
In three cases treated with gas tamponade that developed recurrent retinal detachment outpatient fluid-gas exchange accompanied by focal laser to the retinal break or widespread laser to the scleral buckle was sufficient to reattach the retina. In appropriate post-vitrectomy patients fluid-gas exchange accompanied by laser therapy, even when the retinal break cannot be visualised, may provide an effective means of reattaching the retina. If this procedure is successful, it eliminates the need for general anaesthesia and further intraocular surgery or scleral buckling.
De Bustros and Michels have stressed the biological time course of the proliferative process in PVR and suggested delaying intraocular surgery for six or more weeks.' We performed intraocular surgery after an average interval of 2*9 months (range one to seven months) from previous operations. This allowed time for the epiretinal membranes to become thicker and easier to grasp as well as allowing the proliferative and contractile process to stabilise. Nevertheless, reproliferation continues to be a problem.
Recurrent PVR occurred in 12 (71%) of 17 reattached retinas and was associated with eight of the 11 recurrent retinal detachments. The high percentage of eyes with recurrent PVR following vitrectomy has been emphasised by Machemer and Zivojnovic et al. Machemer,'9 using vitrectomy and gas tamponade, reported an initial reattachment rate of 68% to 47 eyes operated on for PVR, which decreased to 36% reattachment rate after six months. Zivojnovic et al. ," using vitrectomy and silicone tamponade, reported a three-month reattachment rate of 66% in 100 eyes, which subsequently decreased to 57% reattachment after a two-to fouryear follow-up. The continued proliferation and contraction of intraocular cells emphasises the need for pharmacological treatment in these cases. ' Pneumatic retinal reattachment techniques have improved to allow intraocular surgical manipulations that previously were possible only in silicone filled eyes. Liquid silicone does not appear to be a highly effective tamponade for inferior retinal breaks and may cause ocular complications if not removed. Nevertheless, in patients who cannot tolerate the head positioning associated with gas tamponade, and in cases where retinal traction cannot be entirely relieved, silicone appears to be a useful intraocular tamponade. This description of surgical experiences emphasises the need for a prospective, randomised clinical trial to compare these two methods of tamponade. Such a study is under way. 
